The theory of sliding mode control has been mainly developed for finite-dimensional continuous-time systems governed by ordinary differential equations. The concept is generalized for discrete-time implementation in infinite-dimensional systems differential equations in Banach spaces. The distributed parameter identification method is developed for thermal processes along with an adaptive discrete-time control algorithm.
Introduction
The sliding mode control methodology implies decoupling a design problem into two independent subproblems of lower dimensions: design of the desired dynamics in sliding mode and enforcing this motion in some manifold in the system state [1,2,3]. The main obstacle for application of the control methods for infinite-dimensional systems is unboundness of operators in motion equations. Recently several papers have been published on mathematical aspects and design methods of sliding mode control in distributed parameter systems governed by partial differential equations and ordinary differential equations in Banach spaces [4.5.6]. It was shown that for the systems with elliptic operators the equivalent control method, developed for finitedimensional systems, may be used for deriving sliding mode equations and the desired dynamics of this motion may be designed by a proper choice of the discontinuity manifold.
The sliding mode is enforced by means of discontinuities in control on some manifold in the system state space.
The discontinuity manifold S, containing state trajectories is attained after a finite time interval. From mathematical point of view it should be emphasized that the Cauchy problem does not have a unique solution for KO. In other words a shift operator establishing correspondence between the state in two different time instants is not invertible in the points on the sliding manifold. Indeed any point where sliding mode exists may be reached along a sliding trajectory in S or by a trajectory from U.S. Government Work Not Protected by U.S. Copyright 4033 outside of S . For discrete-time systems the concept of sliding mode needs to be clarified since discontinuous control does not enable enforcing motion in an arbitrary manifold, and results in chattering or oscillations at the boundary layer at the sampling frequency.
In contrast to continuous-time systems, in discrete-time systems with continuous control the motion may exist with state trajectories in some manifold with a finite time interval preceding this motion. So the motion may be called "sliding mode". Similarly to continuous-time systems with sliding modes the shift operator in discretetime systems is not invertible. In discrete-time systems the continuous operator in the system equation, which matches a system state from one sampling instant into the next one, is a shift operator. If the sliding mode occurs, state trajectories are in a manifold of lower dimension than that of the original system. This means that the inverse of the shift operator does not exist since it transforms a domain of full dimension into another domain of lower dimension. The concept of discrete-time sliding mode is introduced in terms of shift operators and semigroup conditions [7, 8, 9] . In this paper the concept is generalized for discrete-time implementation in infinite-dimensional systems governed by differential equations in Banach spaces. The distributed parameter identification method is developed for thermal processes along with an adaptive sliding mode control algorithm.
Discrete-Time Control
First we will outline the discrete-time sliding mode control design methodology for finite-dimensional systems wherex E R", U E R", A and B are constant matrices.
For a discrete-time controller with control U being constant within a sampling interval 6 , the motion equations may be writtsn as
A* = e A 6 , 6' e A ( 6 -7 ) Bdz.
The control is selected such that sliding mode occurs in some manifold Generalization of the discrete-time approach for infinitedimensional systems is simpler than for continuous-time ones since the operators determining the dependence between x(t) and x(t + 6) It follows from (6-8) that for
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Hence llSk 1 1 decreases monotonously and according to (6), (7) , after a finite number of steps, U will belong to the admissible domain, Ilukeq 1 1 < U,, , and U = U , .
According to the definition of the equivalent control, the subsequent part of the trajectory will be in manifold s = 0 and discrete-time sliding mode will take place.
To derive the sliding mode equation in the manifold s = 0 , equivalent control ( 6 ) should be substituted for U, into the original system (5)
The desired dynamic properties of the sliding mode may be provided by a proper choice of the operator c.
For the control under uncertainty conditions (at the presence of disturbances or unknown parameters in the operators in motion equations) the above control is replaced by
The state trajectories are not confined to the manifold s = 0 but run in its 8 -vicinity and the desired sliding motion may be provided within 6 accuracy [9] .
To improve the accuracy of the system with unknown operator A * , the control may be designed in the form The adaptive control may be implemented based on an identification process using the model of the process with adjustable parameters. The latter option will be demonstrated for design of discrete-time sliding mode adaptive control for a thermal distributed processes.
Control of Thermal Process
As an example let us consider the discrete-time control of an infinite-dimensional plant governed by the heat equation The solution to (9) is of form Bearing in mind that the validity of (12) as a solution to (10) may be checked by direct substitution.
Suppose that the control is a discrete-time function of y ,
i.e. u(k) = u(y, k ) for bk I t < 6 ( k + 1). Then where q , ( k ) and u,(k) may be found similarly to (13).
Following to the discrete-time sliding mode control methodology, the equivalent control should be found such that the manifold Q ( y ) = 0 is reached after one step and then state trajectories are confined to this manifold. The distributed equivalent control may be found from ( 13) and ( 14) where
The series (15) The distributed discrete-time sliding mode control may be designed as in (13): It is of interest to note that sliding mode is enforced with control as a continuous state finction in contrast to continuous time systems with discontinuous control action.
Adaptive Control
Implementation of control (1 8 vo > -( r -) .
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(Note that function Q ( y , t ) depends neither on e(y,t)nor on v in mismatch equation (21)).
To prove the convergence of mismatch ( y , t ) to zero calculate the time derivative of Lyapunov functional candidate 
